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BACKGROUND 

1 . Field of the Invention 

[0001] The present invention generally relates to a steer by wire system. More 

specifically, the invention relates to an end of travel and method for a steer by wire 
system. 

2. Description of Related Art 

[0002] In a conventional steering system, the steering wheel is mechanically 

connected to the steering shaft. When the mechanical end of travel of the vehicle 
wheels or the steering gear is reached, (an "end of travel" condition), the steering 
wheel cannot be rotated any further due to high mechanical resistance. However, in 
normal operation a steer by wire system has no mechanical coupling to the steering 
gear. The lack of feedback torque for the driver at the end of travel condition is 
unfamiliar and uncomfortable for the driver. In addition, extensive use of the 
steering system in an end of travel condition such as the limit of steering gear travel 
or an against curb condition can cause additional wear to the vehicle and may lead 
to early replacement of various system components. 

[0003] To simulate the feel of a mechanically connected steering system, 

many steer by wire systems have incorporated an electric motor coupled to the 
steering wheel. The electric motor is designed to simulate the resistance patterns of 
a conventional mechanically connected steering system. When the end of travel 
conditions are encountered in a steer by wire system, the driver can continue turning 
the steering wheel contrary to a conventional mechanically connected steering 
system. To simulate an end of travel condition of a conventional steering system, 
some steer by wire systems have incorporated a brake directly coupled to the 
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steering shaft. The brake can be engaged to prevent the driver from turning the 
steering wheel any further. Unfortunately, these brakes consume a significant 
amount of power and occupy a significant amount of space when attached directly to 
the steering shaft. 

[0004] In view of the above, it is apparent that there exists a need for an 

improved power module for automotive switching applications. 

SUMMARY 

[0005] In satisfying the above need, as well as overcoming the enumerated 

drawbacks and other limitations of the related art, the present invention provides a 
system for generating an end of travel feedback to the driver of a vehicle having a 
steer by wire system. The system includes a steering wheel, a steering shaft, a 
motor, and a brake. The steering wheel is configured to provide the input for the 
steer by wire system. The steering shaft rotates together with the steering wheel. 
To provide road feel resistance or feedback to the driver, the motor supplies torque 
to the steering shaft. The brake is coupled to the motor shaft. When an end of 
travel condition is reached, the brake is energized to provide end of travel resistance 
or feedback to the driver through the steering shaft. An end of travel condition can 
occur due to limits in the range of motion of the steering system or alternatively due 
to external influences limiting the angle of the road wheel. 

[0006] In another aspect of the invention, the brake is a friction brake. 

Further, a torque transfer mechanism is coupled between the shaft of the motor and 
the steering shaft. The torque transfer mechanism multiplies the torque transferred 
from the feedback motor to the steering shaft. Further, a controller is integrated with 
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the system and adapted to sense when the road wheel or steering system has 
reached an end of travel position such that the road wheel angle is restricted by the 
mechanical range of the steering system. 

[0007] The controller senses the end of travel condition based on the angle of 

the road wheel, the rate of change of the road wheel, the current draw of a second 
motor used to manipulate the road wheel, other means, or a combination thereof. 
When the end of travel position is reached, the controller engages the brake. 
Further, the controller is adapted to disengage the brake when the steering wheel is 
manipulated to rotate the road wheel away from the end of travel position. The 
controller may sense the driver's intent to manipulate the steering wheel away from 
the road wheel position based on the steering wheel angle, the rate of change of the 
steering wheel angle, the torque applied to the steering wheel, other means, or a 
combination thereof. 

[0008] An end of travel condition can also occur when the angle of the road 

wheel is restricted due to the road wheel pushing against an object such as a curb. 
The against curb condition may be sensed by the controller based on the current of 
the second motor used to control the angle of the road wheel, the road wheel angle, 
the rate of change of the road wheel angle, a combination thereof, or other means. 
When the controller senses that the road wheel is in an against curb condition, the 
controller engages the brake. 

[0009] Further objects, features and advantages of this invention will become 

readily apparent to persons skilled in the art after a review of the following 
description, with reference to the drawings and claims that are appended to and 
form a part of this specification. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] FIG. 1 is a diagrammatic view of a steer by wire system including a 

friction brake according to the present invention; and 

[0011] FIG. 2 is a block diagram of the control flow of a steer by wire system 

according to the present invention. 

DETAILED DESCRIPTION 

[0012] Referring now to the drawings, a steer by wire system embodying the 

principles of the present invention is illustrated therein and designated at 10. As its 
primary components, the steer by wire system 10 includes a driver interface 
subsystem 12, a manual backup steering subsystem 15, a road wheel actuator 
subsystem 16, and road wheels 14. The driver interface subsystem 12 is designed 
to sense the intent of the driver to control the road wheels 14. Further, the driver 
interface subsystem 12 also provides feedback to the driver corresponding to the 
instantaneous steering conditions. 

[0013] Included in the driver interface subsystem 12 is a steering wheel 18, a 
series of sensors 20, a brake 24, a motor 28, and a steering shaft 26. The steering 
wheel 18 is connected to the steering shaft 26. As the steering wheel 18 is rotated, 
it causes the steering shaft 26 to be rotated in the same direction. The sensors 20 
are connected to the steering wheel 18 or the steering shaft 26, and determine the 
steering wheel angle, the rate of change of the steering wheel angle, and the 
steering torque. 

[0014] A motor 28 is coupled to the steering shaft 26 by a torque transfer 
mechanism 30. Based on the current steering conditions and pre-specified 
parameters such as an adjustable steering ratio, a maximum steering torque, and 
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the desired feel, the driver interface subsystem motor 28 provides feedback torque 
to the steering wheel 18. The driver interface subsystem motor 28 has a shaft 32 
connected to the torque transfer mechanism 30. The torque transfer mechanism 30 
includes a first member 34 attached to the shaft 32 and a second member 36 
attached to the steering shaft 26. The first member 34 rotates together with the 
shaft 32 while the second member 36 rotates with the steering shaft 26. The first 
member 34 is configured to the transfer torque to the second member 36. The first 
and second members may be engaged through a belt 36 or intermeshing gears. 
The first member 34 may also be a different size than the second member 36, 
thereby multiplying the torque provided to the steering shaft 26 by the driver 
interface system motor 28. The driver interface subsystem also includes a friction 
brake 24 attached to the shaft 32 of the motor 28. The friction brake 24 is energized 
to provide resistance to the steering shaft 26 when an end of travel condition occurs. 
[0015] The manual backup steering subsystem 15 is configured to allow the 

driver to steer the vehicle in the event of a fault condition. When a fault condition 
occurs, the clutch 40 is engaged and mechanically couples the steering shaft 26 to 
the steering linkage 42. The direct coupling of the steering shaft 26 to the steering 
linkage 42 allows the driver to operate the vehicle in a backup mode until the fault 
condition can be corrected. 

[0016] Based on the driver input received by the driver interface subsystem 

12, the road wheel actuator subsystem 16 manipulates the angle of the road wheels 
14. The road wheel actuator subsystem 16 includes a motor 44, sensors 46, and an 
electric steering gear 48. The motor 44 is controlled in response to the input, from 
the driver, sensed by the driver interface subsystem 12 to manipulate the electric 
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steering gear 48 thereby controlling the angle of the road wheels 14. The sensors 
46 sense the torque of the motor 44, the temperature of the motor 44, the rate of 
change of the road wheel angle, and the actual road wheel angle including the end 
of travel position. Further, the steering linkage 42 from the manual backup steering 
subsystem 15 is coupled to the electric steering gear 48 allowing the driver to 
manually manipulate the angle of the road wheels 14 when a steering system fault 
occurs and the clutch is engaged. 

[0017] Now referring to Figure 2, a block diagram of the control structure of a 

steer by wire system according to the present invention is shown. The driver 
represented by block 52 provides an input, as illustrated by line 54, to the driver 
interface subsystem 12 by turning the steering wheel 18. Conversely, the driver 52 
receives feedback, steering feel, from the driver interface subsystem 12 through 
feedback torque or resistance, as illustrated by line 56, applied to the steering wheel. 
The driver interface subsystem 12 senses the motion of the steering wheel and 
determines the steering wheel parameters, including steering wheel angle (SWA), 
the rate of change of the steering wheel angle (SWR), and the steering wheel torque 
(SWT). The steering wheel parameters are then communicated to the controller 
subsystem as illustrated by line 58. 

[0018] In addition to the steering wheel parameters, the controller subsystem 

50 also receives vehicle parameters including the vehicle speed, lateral acceleration, 
yaw rate, and ignition mode as illustrated by line 51. The controller subsystem 50 
interprets the vehicle parameters and the steering wheel parameters to generate 
corresponding motor control signals which are communicated to the road wheel 
actuator subsystem 16 as illustrated by line 62. 
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[0019] The road wheel actuator subsystem 16 is affected by changing 

environmental influences, such as the road condition and forces acting on the road 
wheels, as illustrated by line 68, and by the vehicle dynamics, such as the 
suspension and mounting structure, as illustrated by line 70. The road wheel 
actuator subsystem 16 provides feedback to the controller subsystem 50, including 
the motor current and motor temperature, as illustrated by line 64, and the road 
wheel angle and the rate of change of the road wheel angle, as illustrated by line 66. 
[0020] The controller subsystem 50 interprets the feedback parameters 

provided from the road wheel actuator subsystem 16 and generates control signals 
that are communicated to the driver interface subsystem 12, as illustrated by line 60. 
In addition, the controller subsystem 50 continuously monitors for fault signals from 
both the driver interface subsystem 12 and the road wheel actuator subsystem 16 to 
determine if a fault condition has occurred. In the event of a fault condition, the 
controller subsystem 50 engages the clutch 40 through a command signal, 
illustrated by line 74. Engaging the clutch 40 directly couples the driver interface 
subsystem 12 to the road wheel actuator subsystem 16 through the clutch 40 as 
illustrated by lines 76 and 78. The controller subsystem 50 monitors the status of 
the clutch 40 through a clutch status signal communicated to the controller 
subsystem as illustrated by line 72. 

[0021] In one aspect of the present invention, when the controller subsystem 

50 receives feedback from the road wheel actuator subsystem indicating the road 
wheel is in an end of travel position, the controller subsystem 50 provides a control 
command, as illustrated by line 60 to engage the brake 24 of the driver interface 
subsystem 12. More specifically as shown in Figure 1, the friction brake 24 provides 
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resistance against the shaft 32 of the motor 28. The resistance from the brake 24 is 
multiplied through the torque transfer mechanism 30 and applied to the steering 
shaft 26 to inform the driver that the road wheel 14 is at an end of travel position. 
Using the brake 24 as an end of travel feedback mechanism provides a lower power 
and space efficient method to provide feedback to the driver regarding an end of 
travel condition. Alternatively, if the driver moves the steering wheel 18 in a direction 
indicating an intent to rotate the tire away from the end of travel position, the 
controller 50 disengages the brake 24, and the motor 44 manipulates the road 
wheels 14 away from the end of travel position. 

[0022] In another aspect, the controller subsystem 50 monitors the motor 

current and the rate of change of the road wheel angle to determine if the road 
wheel 14 movement is being restrained by a curb. In the event the road wheel 
movement is being restrained by a curb (increased current without a corresponding 
change in road wheel angle), the controller subsystem 50 provides a control 
command, as illustrated by line 60, to engage the brake 24 of the driver interface 
subsystem 12. The resistance from the brake 24 is multiplied through the torque 
transfer mechanism 30 and applied to the steering shaft 26 to provide feedback 
informing the driver that an against curb condition is occurring and preventing the 
driver from further turning the steering wheel 1 8. 

[0023] As a person skilled in the art will readily appreciate, the above 
description is meant as an illustration of implementation of the principles this 
invention. This description is not intended to limit the scope or application of this 
invention in that the invention is susceptible to modification, variation and change, 
without departing from spirit of this invention, as defined in the following claims. 
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